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(Riverweed Family)

Moss- or alga-like, submerged aquatics, generally restricted to sunny,

clear, swiftly flowing streams and waterfalls of the tropics and subtropics.

Plant body often reduced to a "thallus" and anchored to the rock sub-

strate by cement-secreting root hairs and haptera (specialized rootlike or-

gans that act as holdfasts). Stems present [or lacking]. Leaves alternate,

simple to much divided. Inflorescences diverse, the flowers solitary [or

fasciculate or in a 2-sided spiciform monochasium], [enveloped by a few

leaves or] entirely inclosed within a membranaceous spathella (or

"spathe") that ruptures irregularly as the pedicel elongates before an-

thesis. Flowers [ actinomorphic to] zygomorphic, perfect. Perianth of

2 or 3 [or 5 to many] tepals (staminodes?), [petaloid to] reduced and

scalelike. Stamens [1 or] 2 [to many]; anthers 4-loculate; pollen com-

monly in dyads [monads or poly ads]. Gynoecium [1-], 2- [or 3-] car-

pellate, syncarpous; ovary superior, [1-], 2- [or 3-] loculate; ovules [2

to] many, on an axile placenta. Fruit a septifragal [or septicidal] cap-

sule; seeds many, without endosperm; embryo straight. Type genus:

Podostemum Michx.

'Prepared for the Generic Flora of the Southeastern United States, a joint en-

deavor of the Arnold Arboretum and the Gray Herbarium of Harvard University

made possible through the support of the National Science Foundation. This treatment,

the seventy-seventh to be published, follows the format established in the first paper in

the series (Jour. Arnold Arb. 39: 296-346. 1958). The area covered includes North and
South Carolina, Georgia, Florida, Tennessee, Alabama, Mississippi, Arkansas, and
Louisiana. The descriptions are based primarily on the plants of this area, with ad-

ditional material in brackets [ ]. References that we have not seen are marked by

The manuscript for this account was originally prepared when the first author
was a member of the Generic Flora project in Cambridge in 1963-64 (NSF Grant
GB-171, C. E. Wood, Jr., principal investigator). Since only a single species was
involved, and the New World members of the family had been recently revised, pub-
lication was delayed pending the addition of other material and the preparation
of a suitable illustration. The manuscript has been revised and updated by the sec-
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A remarkable pantropical family of highly modified submerged aquatics,

including about 45 genera and 200 species, many of these narrow endemics,
a few widely distributed. Almost all are restricted to rocky substrates in

clear, sunlit, swift-running streams and rivers, where they occur especially

in waterfalls and rapids. About 140 species are known from the Americas,

40 from Africa, and 20 from Asia (northward to southern Kyushu, Japan)
and Australia (Queensland). Podostemum ceratophyllum Michx., one of

the few representatives of the family in temperate regions, occurs in the

southeastern United States.

The unique habitat of these plants is shared by hardly any others,

cept Hydrostachyaceae. The family is notable for a high degree of specia-

tion and endemism, with several species and some genera known only from

a single rapids or cataract, and with some closely related species occupy

ing adjacent tributaries of the same river or nearby rivers (Van Royen,

1951, p. 13). A few exceptional species, including Podostemum cerato-

phyllum, are widely distributed. Tristkha trifaria (Bory ex Willd.)

Sprengel is noteworthy, extending as it does from Cuba to Mexico, south-

ward to Uruguay and Argentina, and over a large part of Africa to Mada

The plants flower as the water level recedes (usually with the onset c

a dry season) and as they become exposed to the air. Pollination is usi

ally by insects or wind and is followed by very rapid fruit developmem

in some cases the fruit maturing in as little as 24 hours (e.g., in Apinagia;

see Went, 1926, 1929). The seed coat is mucilaginous when moistened

and adheres to the substrate, where the seed germinates if it is not washed

away as the water level rises (cf. Podostemum). Polypleurum submersum

J. B. Hall is a rare exception in the family in that it grows in still rock

pools in the River Asuboni, Ghana, prospering "even in pools that are

stagnant and separated from the flowing water. Spathellae open under

the surface and flowers are pollinated by the current." The fruits dry

and dehisce, however, only when exposed to the air.

Podostemaceae are so variable morphologically that it has proved dif-

ficult to devise a satisfactory subfamilial classification, although several

have been proposed. Most recently, Van Royen (1951) has recognized

two subfamilies: Tristichoideae Engler emend. Royen, with flowers en-

veloped by a few leaves and with a 3- or 5-lobed perianth and Podo-

stemoideae, with flowers inclosed in a 'spathella" and with the tepais re-

duced to scales. The four tribes (Tristicheae, Weddemeae; Mourereae

Podostemeae), two in each subfamily, are based mainly on characters of

the inflorescence, perianth, and stamens.

The relationships of the family Podostemaceae to other families have

been the subject of much discussion, leading to its placement near such

diverse families as the Piperaceae, Polygonaceae, OryjWJ^
sulaceae, Nepenthaceae, and Scrophulariaceae.

^f^rostacht
strong evidence of its relationships to Crassulaceae and to Hydi^adiyj.

ceae a small family once united with the Podostemaceae. Among he

ZacUTtS feaTures of the embryology of the Podostemaceae are the
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tetranucleate megagametophyte (embryo sac) that lacks antipodal cells

or has only a single one; the absence of endosperm; the growth of the

top of the megasporangium (nucellus) beyond the inner integument into

the endostomium; the restriction of the megagametophyte (embryo sac)

to the upper part of the megasporangium (nucellus), while the lower part,

elongates to form a pseudo-embryo sac; and the appearance of the outer

integument to form the micropyle before development of the inner integ-

ument. Maheshwari, drawing support from the earlier embryological

studies and conclusions of Mauritzon, has suggested that the Podostema-

ceae (and Hydrostachyaceae) are derived by reduction from the Crassu-

laceae, a theory based mainly on the highly developed suspensor haustoria

found in both families and the similarities in embryogeny between some

aquatic Crassulaceae (e.g., Tillaea aquatica) and the Podostemaceae.

In floral morphology the evolutionary trend appears to have been from

actinomorphic to zygomorphic flowers, accompanied by a change from

entomophily to anemophily or autogamy. A high degree of ovule abortion,

of unknown cause, has been reported.

The only chromosome numbers reported are those of Terniola ceylanica

(Gardner) Tulasne (as Lawia zeylanica), 2n - 20; Podostemum subula-

tum Gardner, In = 40?; and Weddelina squamulosa Tulasne, In = 40.

Van Royen notes that plants of this family throw off part of the outer

tissues after the water level subsides, producing great changes in appear-

ance and making it difficult to judge herbarium material, in which these

same changes can occur during the process of pressing and drying. The
best way of preserving specimens is in 60-70 per cent alcohol, in 4 per cent

formalin, or in a mixture of the two.

The Podostemaceae are of great biological interest but of no economic

importance.
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Gregarious, dark green to reddish herbaceous perennials of shallow,

rushing streams or rapids, firmly attached to rocks or gravel by means

of cement-secreting root hairs and fleshy disclike haptera arising from

the lower surface of ± dorsiventral, photosynthetic, horizontal (plagio-

tropic), creeping, branched roots. Stems present [or lacking], originating

in pairs along the sides of the roots, without a growing point, the leaves

alternating in two ranks, each leaf arising from the base of the next older

leaf in its rank- lateral shoots arising at the base of the leaf on its outer

(abaxial) side, not in the axil of the leaf. Leaves distichous, repeatedly

forked [or entire], spathulate to mainly filiform, with the exception of

the lower leaves with an intrapetiolar stipule. Flowers axillary solitary

on short pedicels, the spathella rupturing at the distal end the tepals

and stamens restricted to the adaxial side of the flower. Tepals (the

"staminodes" of some authors) 2 or 3, filiform, acute, one on each side
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Figure l

with several opposite bra

produced on root below branches, the leaves repeatedly torked, X \

oi hapteron X 3; c, detail of branch, showing bases of leaves with intrapetiolar
stipules, each flower solitary in a spathella in axil of leaf, X 3; d, young flower

spathella, X 6; e, same flower from behind (removed from
ndrophore and a third inserted on androphore

spathella), a tepal to each side of £
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of the androecium (partially fused filaments, androphore, andropodium),

the third (the "scale" of some authors), when present, in the fork between

the filaments of the two stamens. Androecium of (1), 2 (or 3) stamens,

borne by an andropodium or androphore (or this interpreted as the

staminal filaments fused for about one-half their length) ; anthers introrse,

4-locular, longitudinally dehiscent; pollen grains in dyads. Gynoecium

2-carpellate, syncarpous; styles 2, simple, equal, free, the stigmata indis-

tinct; ovary superior, 2-loculate, the abaxial locule larger; ovules many,

anatropous on a thick, fleshy, axile placenta. Fruit a [6- or] 8-ribbed,

septifragal, 2-valved capsule, the smaller, adaxial valve caducous, the

larger, abaxial valve persistent, the enlarged placenta and seeds becoming

detached; seeds numerous, minute, with an outer mucilaginous layer

(when moistened). Type species: P. ceratophyllum Michx. (Name

from Greek, pous, podos, foot, and stemon, stamen, in reference to the

stamens apparently supported by a pedicel: "stemonia pedicello sufful-

ta.") —Riverweed.

A primarily tropical genus of 17 or more species of North and South

America, and perhaps India and Ceylon: Podostemum ceratophyllum in

eastern North America, Hispaniola, and Honduras; P. riccii forme (Liebm.)

Royen in Mexico and Costa Rica; and 15 species distributed from cen-

tral Brazil to Uruguay, Paraguay, and northern Argentina. Species at-

tributed to this genus have been described from Africa, Madagascar, In-

dia, and Ceylon, but all except two, P. subulatum Gardner (Ceylon and

southern India) and P. Barberi Willis (southern India), have been ex-

cluded (cf. Engler, 1915; Willis 1902b, c; Hall). The taxonomic disposi-

tion of these two species appears to be unresolved, but it may be worth

noting that their leaves are spirally, rather than distichously, arranged

and lack stipules.

Podostemum ceratophyllum, the only species of the family in eastern

North America, has an unusually broad distribution, extending north-

ward to New Brunswick, Quebec, and Ontario, and southward to Georgia,

Alabama, Mississippi, Louisiana, southeastern Oklahoma, and western

Arkansas, and with disjunct localities in the Dominican Republic and (as

var. circumvallatum Royen) in Honduras. It is of local occurrence and is

extremely variable in habit, especially in size and dissection of the leaves.

One extreme with lax, elongate leaves has been named i.abrotanoides

(Nutt.) Fassett, and the opposite extreme with coarse rigid leaves is .

chondroides Fassett, the author of the combinations acknowledging
;

that

the two are not geogmprnadly^^

placentation. X 12; l. part of :

(spathella mostly broken i

withered, persistent

t, leaf base and young leaf to lower right X 6; j,

fruit before dehi- » alter dehiscence, target valve of capsule

persistent on pedicel, X 12; 1, placenta removed from frmt X U, m, seea,

moistened to show mucilaginous seed coat, X 25; n, dry seed, X 25.
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intermediates. Whether this variation is genetic or ecological is largely

unstudied. Hammond found, however, that at Difficult Run, Virginia,

three forms grew side by side, forming colonies of various sizes, the plants

of a colony being usually uniform in size and structure. When plants of

the two extremes were transplanted to two localities in Maryland, they

grew well and retained their original characteristics during an observation

period of several weeks.

The extraordinary life history of Podostemum ceratophyllum was stud-

ied by Hammond, who observed the entire cycle in Maryland and Virginia,

with the exception of seed germination. Growth of roots and shoots begins

in the spring from the bases of plants of the previous season; by June

flower buds are formed in the axils of leaves, where they remain inclosed

in the spathella as long as the plants are submerged. If the water level

subsides, exposing the plants, the pedicel promptly elongates and the

spathella ruptures, revealing the flower. Self- or perhaps wind-pollina-

tion occurs, and within a few days the seeds are mature and shed from

the open capsule, where they adhere to the surrounding dry rocks by

means of mucilaginous seed coats. In our area, where wet and dry sea-

sons are indistinct, the plants may remain submerged through an entire

summer, never flowering, but growing vegetatively and propagating by
regeneration from pieces of roots, stems, or leaves that have broken from

the parent plant.

Seed germination apparently has not been observed in Podostemum ce-

ratophyllum but is probably like that of P. subulatum (cf. Willis, 1902c,

p. 329) and many other genera of the family. With the rise in water level

the hypocotyl emerges from the seed, bends downward, attaches itself to

the substrate by root-hair-like rhizoids and expands to form a larger area

of attachment. The seedling becomes erect, cotyledons and primary leaves

appear in two ranks, and the primary axis then stops growing. No de-

veloped primary root has been reported for any member of the family,

and the secondary root is adventitious from the base of the hypocotyl.

The root is dorsi ventral, and in P. ceratophyllum there are only two rows
of lateral roots, all of which retain this symmetry. Branches are pro-

duced in pairs a short distance behind the root growing point. The roots

attach themselves by root hairs and by disclike or fingerlike haptera that
arise exogenously from the underside of the root, usually under the base
of each shoot. The haptera are entirely parenchymatous, have a terminal
growing point, and lack vascular tissue. They are believed by some to

be derived phylogenetically from the root, by others to be similar to ten-
drils in origin. The shoots grow out transversely to the root and more or
less erectly from the substrate.

There is no stem growing point, each of the two-ranked leaves arising
from the base of the next older leaf in its rank. Each leaf has an intra-
petiolar stipule. Lateral branches of the shoot are not axillary within
these stipules but arise at the base of the abaxial side of the leaf (i.e.,

on the side opposite the stipules) and are covered by a stipulelike struc-
ture formed on this same side of the leaf. Stomata are completely absent,
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and the epidermal cells of the root, as well as of the leaves, contain

chlorophyll.

The only chromosome number reported for the genus is In = 40? in

the Ceylonese and southern Indian Podostemum subulatum.

Under family references see especially Magnus & Werner (pp. 285-292),

Van Royen (1951; 1954, pp. 228-244), Tulasne (pp. 129-132), Warming

(1881, pp. 1-34), and Willis (1902b; 1902c, pp. 327-340); see also Gardner,

Martin, Nash, Spragtje, Subramanyam, and Weddell.
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ADDENDA

The following family references contain material of general biological interest.

Grubert, M. Podostemaceen-Studien. Teil I. Zur Okologie einiger venezo-

lanischer Podostemaceen. Beitr. Biol. Pflanzen 50: 321-391. 1974 (15

July 1975). [Many important observations, especially in the Rio Carom,

Venezuela on Apinagia multibranchiata, Mourera fluviatilis Rhyncholacis

Penicillata and Weddell:*:.: ^ lt ,imul^i. Includes morphology, habitat,

conditions' favoring flowering, structure, and behavior of inflorescences

fruit development (these species requiring at least three weeks), and seed

Schnel^R
1

cLTribtiriL a 1'etude des Podostemacees de Guyane. Adansonia

II. 9:249-271. 1969. [List of species colle<

taxonomic characters and variability anc

& G. Cusset. Remarques sur la struc

nacees. Ibid. 3: 358-369. 1963.


